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Multiple sclerosis (MS) is a progressive, incurable, neurodegenerative disease that disrupts myelin at 
brain and spinal cord levels and for which there exist  only a few pharmacological supportive treatments. 
The study of this disease is currently hampered by our inability to properly visualize its key pathogenic 
players (blood-brain barrier breakdown, inflammation, immune cell infiltration, myelin degradation, 
axonal transection). Magnetic resonance imaging (MRI) allows to evaluate the status of the blood-brain 
barrier (with gadolinium enhancement) and myelin sheets (through T2-weighted MRI and with diffuse 
tensor imaging) in the CNS and these values can be used to determine the stage of the disease by counting 
the number of combined active lesions (CAL) and estimating brain volume atrophy. However, several 
recent  studies, including large-scale randomized clinical trials, have indicated that knowledge about  the 
number of active lesions is insufficient to fully appreciate the progression of the disease. Consequently, 
early signs of MS and subtle differences between therapies usually go undetected with MRI. 
Immunohistochemistry applied to ex vivo samples can provide sufficient  spatial resolution and a variety 
of contrast agents, but this approach is impractical for studies over large volumes because of the time 
required for sample preparation and inherent  artifacts. Since MS is a very heterogeneous disease, this lack 
of well-defined, well-measured markers interferes with our ability to efficiently evaluate the benefit  of 
new drugs. Hence, it  becomes increasingly important  to develop a set  of such biomarkers that  can be used 
to fully assess the state of the disease and the effect of therapeutic agents at a level unachievable by MRI.

We have undertaken a large study of an animal model of MS based on 
rapid (video rate) in vivo optical imaging with and without exogenous 
contrast. With minimal surgery, the spinal cord can be accessed 
optically and with optical microscopy, cellular details of key 
pathogenic players can be imaged. With this approach in hand, we are 
developing a framework to identify early signs of lesions through in 
vivo imaging of macroscopic areas  with micrometer spatial 
resolution  of inflammation, water diffusion, blood brain barrier, and 
myelin in the spinal cord. This is achieved by combining Coherent 
Anti-Stokes Raman Scattering microscopy (CARS) and fluorescence 
microscopy with hardware and software tools for live animals imaging 
and for the analysis of the resulting images.
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Figure 3 : Hot spots (red) identified in the spinal cord


